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SUMMARY
Coeliac artery stenosis due to median arcuate ligament
compression or atherosclerotic disease is a frequently
unrecognised challenge to recovery after
pancreatoduodenectomy. The described case illustrates
management with intraoperative superior mesenteric
artery to hepatic artery bypass graft that led to
haemorrhagic challenges postoperatively but ultimately a
good recovery. Aspects of preoperative diagnosis,
preoperative intervention and intraoperative management
options are reviewed. Surgeons need to possess these
tools to prevent complications from coeliac artery
stenosis when pancreatoduodenectomy is required.
BACKGROUND
Pancreatoduodenectomy (PD) remains an import-
ant treatment modality for patients with pancreatic
cancer localised to the head of the pancreas. In
patients with compromised blood ﬂow at the
coeliac axis origin, the collateral ﬂow that develops
over time from the superior mesenteric artery
(SMA) to the hepatic artery (HA) via the gastro-
duodenal artery (GDA) and other pathways will
likely have to be sacriﬁced during the oncological
resection; this can result in ischaemia of the liver,
stomach and pancreas remnant affecting surgical
anastomoses.1 The incidence of coeliac artery sten-
osis in patients undergoing PD is as high as 10%
and can result from atherosclerotic disease, com-
pression by the median arcuate ligament or ﬁbrosis
due to desmoplasia from lymph node metastasis or
chronic pancreatitis.1–8 These aberrations to the
normal vascular function can result in life-
threatening complications if not recognised before
or at the time of pancreatic resection. Here, we
present a patient who underwent PD with SMA to
HA artery bypass for pancreatic adenocarcinoma of
the head of the pancreas in the setting of coeliac
artery stenosis and review the strategies to recog-
nise, address and mitigate the potentially signiﬁcant
challenges.
CASE PRESENTATION
A 69-year-old woman presented with unintentional
weight loss and jaundice due to a mass in the head
of the pancreas.
INVESTIGATIONS
The workup included CT, endoscopic ultrasound
scan and endoscopic biliary wall stenting. Findings
suggested a cT2N0M0 head of pancreas cancer,
and a 4.5 cm thoracoabdominal aneurysm with
proximal coeliac artery occlusion (ﬁgure 1).
Vascular surgery was consulted preoperatively and
recommended consideration of bypass at the time
of rejection so as to avoid any interventional stent-
ing that would perhaps complicate the repair of the
aneurysm.
TREATMENT
At PD, HA pressure after test clamping of the GDA
was <20 mm Hg, with return of bright but non-
pulsatile blood; after the pylorus-sparing resection,
a SMA to HA saphenous vein bypass was per-
formed (ﬁgure 2). The common hepatic duct
diameter was 12 mm, and the pancreatic duct mea-
sured 4 mm within a moderately ﬁrm gland.
Hepaticojejunostomy and pancreaticojejunostomy
reconstructions of well-perfused tissues were per-
formed, followed by antecolic duodenojejunostomy.
Pathological analysis identiﬁed a pT3N0M0 inter-
mediate grade pancreatic ductal adenocarcinoma,
with extension into duodenum, 0 of 36 lymph
nodes involved and a R0 resection.
OUTCOME AND FOLLOW-UP
Duplex ultrasound scan of hepatic inﬂow showed
unimpaired pulsatile hepatopetal ﬂow originating
from a patent graft on postoperative day (POD)
3. The subsequent course was characterised by a
grade B pancreatic ﬁstula requiring percutaneous
drainage and antibiotics. The patient was free of
systemic sequelae but developed bleeding on POD
17. Angiographic workup showed no active bleed-
ing and a patent bypass graft. The patient recovered
and was discharged, but had another bleeding
episode on POD 29. A pseudoaneurysm at the graft
to HA site was identiﬁed, and the HA and bypass
graft were coil embolised (ﬁgure 3). The patient’s
subsequent postoperative course was complicated
with the development of a hepatic abscess
4 months after embolisation, but ultimately she
made a full recovery. She was not treated with adju-
vant therapy and remains free of disease more than
3 years after resection.
DISCUSSION
Coeliac arterial insufﬁciency is a common ﬁnding,
and as our case demonstrates, can present unique
operative challenges during PD and in the post-
operative management of complications. This case
summary adds to the available reports in the litera-
ture and highlights the challenges and pitfalls of
performing PD in patients with coeliac arterial
insufﬁciency.
Various strategies, both preoperatively and
intraoperatively, have been studied to help better
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Figure 1 CT of pancreatobiliary and
vascular abnormalities. (A) Contrast
column defect at coeliac artery origin
(arrow). (B) Biliary and pancreatic
ductal distension. (C) Duct distension
and aortic mural abnormalities. (D)
Periampullary mass (arrow) and aortic
mural abnormalities.
Figure 2 Intraoperative images. (A)
Vascular assessment of proper hepatic
artery (solid arrow) and looped
gastroduodenal artery (dashed arrow).
(B) Appearance after completed
resection. (C) Retroportal saphenous
vein bypass graft between SMA and
common hepatic artery; solid arrow
marks proximal graft, dashed arrow
distal graft. (D) Completed
hepaticojejunostomy and
pancreaticojejunostomy. SMA, superior
mesenteric artery.
Figure 3 Angiographic ﬁndings. (A) First postoperative SMA angiography, with patent graft to CHA and coeliac contrast distribution. (B) Second
postoperative SMA angiography, with pseudoaneurysm at distal anastomosis (arrow). (C) Findings after completed coil embolisation. CHA, common
hepatic artery; SMA, superior mesenteric artery.
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identify and mitigate complications following pancreatectomy,
especially in the presence of coeliac axis occlusive disease that
could result in life-threatening ischaemia following PD.9–13
These include preoperative abdominal vascular CT, coeliac and
mesenteric angiography, Doppler ultrasonography, and intrao-
perative techniques.2 5 14–18 In patients undergoing PD, the
presence of coeliac arterial stenosis should be included in the
radiologist’s report and should prompt the consultation of vas-
cular surgery and/or an interventional radiologist. There is clear
evidence that patients with high-grade stenosis should be
addressed preoperatively using an endovascular approach.4
When the stenosis is less signiﬁcant, the decision becomes more
difﬁcult.
While preoperative imaging is often diagnostic, assessment
and veriﬁcation of vascular insufﬁciency is best made in the
operating room. Bull et al2 endorse the most widely used man-
oeuvre, that is, test occluding the GDA with palpation of the
HA before GDA ligation to ensure adequate collateralisation.
This technique was used in the presented case and yielded ﬁnd-
ings suggestive of hepatic arterial insufﬁciency without a revas-
cularisation procedure; gastric and pancreas remnant blood ﬂow
were not speciﬁcally assessed, but concerns over possible mal-
perfusion in the setting of anastomotic reconstructions lent
further support in favour of a revascularisation of the coeliac
system. While data supporting these practices are lacking, we
routinely perform an intraoperative assessment of the hepatic
arterial inﬂow prior to ligation of the GDA.2 19
Intraoperative identiﬁcation of coeliac arterial insufﬁciency
during PD should be recognised and prompt surgical revascular-
isation performed. Re-establishment of coeliac circulation
during PD is dependent on the site and type of occlusion, and
several strategies have been described (table 1).3–8 17–22
In patients with impingement by the median arcuate ligament
or desmoplastic or inﬂammatory ﬁbrosis as the source of coeliac
occlusion, division of the median arcuate ligament or adjacent
ﬁbrosis, respectively, is sufﬁcient and appears to be associated
with minimal added morbidity (table 2).3 7 8 However, athero-
sclerotic lesions of the coeliac axis, especially if not amenable to
interventional endovascular approaches such as in our patient,
may necessitate an arterial bypass. Multiple techniques have
been described previously and include end-to-end anastomosis
between the middle colic and GDA, aortohepatic bypass graft-
ing, reimplantation of the coeliac trunk, splenomesenteric arter-
ial reimplantation and venous graft bypass between the iliac
artery and the splenic artery.1 9–11 The latter may theoretically
place the arterial anastomosis more remotely to a pancreatic
anastomosis. Owing to anatomic considerations and the pres-
ence of aortic aneurysmal abnormalities, a SMA to common
heptatic artery (CHA) reversed saphenous vein bypass graft was
performed in the presented patient, and her postoperative
Table 1 Summary of reported patients with coeliac arterial insufficiency who underwent pancreatoduodenectomy
Author, year Patients, n (frequency in study) Aetiology of occlusion (n) Intervention, n Outcome (n)
Fortner, 198117 2 (CR) Compression (2) MAL release, 2 Uneventful
Kohler, 19903 1 (CR) Compression (1) MAL release, 1 Uneventful
Okamura, 199818 1 (CR) Compression (1) No intervention, 1 Uneventful
Berney, 199819 15 (CR) Compression (2) MAL release, 2 Pancreatic fistula and death (1)
Atheromatous (13) Reconstruction, 2 Uneventful
Collateral preservation, 2 Uneventful
No intervention, 9 Transient liver ischaemia (2), pancreatic
fistula (2)
Kurosaki, 20048 5/126 (4%) Compression (5) MAL release, 3 Uneventful
Collateral preservation, 2 Uneventful
Nara, 20057 7/357 (2%) Compression (1) MAL release, 1 Uneventful
Atheromatous (2) Reconstruction, 1 Uneventful
Collateral preservation, 1 Uneventful
CHA injury during angiography (1) No intervention, 1 Liver abscess (1)
Unknown, (3) No intervention, 3 Liver abscess (1)
Shima, 200520 1 (CR) Compression (1) Reconstruction, 1 Uneventful
Farma, 20076 14/332 (4%) Compression (14) MAL release, 10 CA reocclusion requiring stent
placement (1)
Reconstruction, 3 Uneventful
CHA endarterectomy, 1 HA occlusion, biliary fistula, hepatic
abscess (1)
Nakano, 200721 1 (CR) Compression (1) MAL release, 1 Uneventful
Gajoux, 20094 25/545 (4.6%) Compression (23) MAL release, 23 CA injury (1), CA thrombosis and death
(1) CA insufficiency requiring stent
placement and pancreatic fistula (1)
Atheromatous (2) Reconstruction, 1 Pancreatic fistula (1)
Preoperative stent, 1 Pancreatic fistula (1)
Berselli, 201022 1 (CR) Atheromatous (1) Reconstruction, 1 Pancreatic fistula, splenic artery
pseudoaneurysm (1)
Sugae, 20125 12/561 (2.1%) Compression (12) MAL release, 8 Reoperation for gastric ischaemia, 1
Reconstruction, 2 Uneventful
Collateral preservation, 1 Uneventful
CA, coeliac artery; CR, case report; HA, hepatic artery; MAL, median arcuate ligament.
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course was complicated by a pancreatic ﬁstula and pseudoaneur-
ysm formation that required coil embolisation. Whether the
ileosplenic bypass described by Okamoto et al11 would have
precluded this complication is uncertain; however, technical
considerations to mitigate complications after extensive opera-
tive intervention warrant consideration. Similarly, preservation
of collateral blood ﬂow in appropriately selected patients,
usually without underlying malignancy, has also been described
and seems to avoid the technical challenges and potential com-
plications associated with vascular reconstruction (table 2).
Our review of the literature reveals that the morbidity and
mortality in patients with coeliac stenosis may differ depending
on the aetiology and type of repair employed (table 2). In add-
ition, some series suggest an increased incidence of post-
operative pancreatic ﬁstula in patients with coeliac arterial
insufﬁciency, owing to decreased splenic arterial blood ﬂow and
subsequent reduction in pancreatic remnant perfusion.1
However, data are sparse and publication bias very likely exists,
with poor outcomes predictably under-reported. In general,
published outcomes of patients with coeliac artery insufﬁciency
who undergo PD appear to be comparable to historic controls
of PD. While the frequency of complications may be compar-
able, the clinical impact of these same complications may differ
in patients with coeliac arterial insufﬁciency. A quantitative
measure of the severity of the complication is a more accurate
reﬂection of the ultimate morbidity burden of an operation and
has not been measured in this group of patients.12 This poten-
tial difference is illustrated well in this case presentation. Our
patient developed a pancreatic ﬁstula that resulted in a pseudoa-
neurysm and haemorrhage from the bypass graft. After coil
embolisation, she subsequently developed hepatic abscesses that
required drainage. In addition to the proposed increase in clin-
ical burden of complications that occur following PD in patients
with coeliac stenosis, our case also illustrates the unique chal-
lenges these patients pose in managing postoperative complica-
tions. Owing to the physiological disturbance posed by a
technically demanding operation, we feel strongly that non-
invasive approaches are much preferred to minimise the burden
of a complication. Interventional coiling is successful in stopping
postpancreatectomy haemorrhage 80% of the time and can
avoid reoperation for which results are generally inferior.13
The role of interventional vascular techniques for coeliac axis
obstruction prior to PD in reducing postoperative complications
is controversial for low-grade lesions, but have clear indications
for lesions with >60% stenosis.16 Endovascular stents are used
preoperatively to avoid technical challenges and potential mor-
bidity associated with performing a vascular bypass at the time
of PD.4 14 15 However, predicting which patients will develop
clinically relevant ischaemia following PD is challenging due to
the highly variable nature of the collaterals that develop; this is
an ongoing area of research.7 Smith et al16 found no association
between coeliac occlusion and increased postoperative morbidity
when they analysed patients with <60% stenosis. Yet, in at-risk
patients with radiographic evidence of high-grade coeliac sten-
osis with development of retrograde ﬂow through the CHA,
preoperative endovascular approach is a necessary intervention.4
In conclusion, coeliac arterial insufﬁciency is a relatively
uncommon ﬁnding that can present unique operative challenges
during PD. The presence of coeliac arterial stenosis should be
included in the radiologist’s report and should prompt the con-
sultation of vascular surgery and/or an interventional radiologist.
There is clear evidence that patients with high-grade stenosis
should be addressed preoperatively using an endovascular
approach. If unrecognised it can result in signiﬁcant morbidity
and mortality. Surgeons should have a heightened suspicion for
this challenge preoperatively and should be prepared to address
the problem intraoperatively. Intraoperative assessment of
hepatic and coeliac arterial ﬂow prior to and again after ligation
of the GDA is crucial, and insufﬁciencies should prompt surgical
revascularisation by means of arcuate ligament release or via
vascular bypass if necessary.
Learning points
▸ Coeliac arterial insufﬁciency is a relatively uncommon
ﬁnding that can present unique operative challenges during
pancreatoduodenectomy, and if unrecognised it can result in
signiﬁcant morbidity and mortality.
▸ Surgeons should have a heightened suspicion for this
challenge preoperatively and should be prepared to address
the problem preoperatively or intraoperatively if necessary.
▸ Intraoperative assessment of hepatic and coeliac arterial
ﬂow prior to and again after ligation of the gastroduodenal
artery is crucial, and insufﬁciencies should prompt surgical
revascularisation by means of arcuate ligament release or
via vascular bypass if necessary.
Competing interests None declared.
Patient consent Not obtained.
Provenance and peer review Not commissioned; externally peer reviewed.
REFERENCES
1 Thompson NW, Eckhauser FE, Talpos G, et al. Pancreaticoduodenectomy and celiac
occlusive disease. Ann Surg 1981;193:399–406.
2 Bull DA, Hunter GC, Crabtree TG, et al. Hepatic ischemia, caused by celiac axis
compression, complicating pancreaticoduodenectomy. Ann Surg 1993;217:244–7.
3 Kohler TR, Debas H, Crames M, et al. Pancreaticoduodenectomy and the celiac
artery compression syndrome. Ann Vasc Surg 1990;4:77–80.
4 Gaujoux S, Sauvanet A, Vullierme MP, et al. Ischemic complications after
pancreaticoduodenectomy: incidence, prevention, and management. Ann Surg
2009;249:111–17.
5 Sugae T, Fujii T, Kodera Y, et al. Classiﬁcation of the celiac axis stenosis owing to median
arcuate ligament compression, based on severity of the stenosis with subsequent
proposals for management during pancreatoduodenectomy. Surgery 2012;151:543–9.
6 Farma JM, Hoffman JP. Nonneoplastic celiac axis occlusion in patients undergoing
pancreaticoduodenectomy. Am J Surg 2007;193:341–4.
Table 2 Outcomes of pancreatoduodenectomy in 85 patients with
coeliac arterial insufficiency by aetiology and type of repair
Total
n
Morbidity
n (%)
Mortality
n (%)
Aetiology
External compression 63 6 (9.5%) 2 (3.2%)
Atheromatous 18 7 (16.7%) 0
Other 4 2 (50%) 0
Type of repair
MAL release 51 6 (11.7%) 2 (3.9%)
Vascular reconstruction/
bypass
12 3 (33%) 0
Collateral preservation 6 0 0
Endovascular stent 1 1 (100%) 0
Endarterectomy 1 1 (100%) 0
No intervention 14 6 (42.9%) 0
MAL, median arcuate ligament.
Source: publications listed in table 1.
4 Beane JD, Schwarz RE. BMJ Case Rep 2017. doi:10.1136/bcr-2016-217943
Reminder of important clinical lesson
7 Nara S, Sakamoto Y, Shimada K, et al. Arterial reconstruction during
pancreatoduodenectomy in patients with celiac axis stenosis—utility of Doppler
ultrasonography. World J Surg 2005;29:885–9.
8 Kurosaki I, Hatakeyama K, Nihei KE, et al. Celiac axis stenosis in
pancreaticoduodenectomy. J Hepatobiliary Pancreat Surg 2004;11:119–24.
9 Machado MC, Penteado S, Montagnini AL, et al. An alternative technique in the
treatment of celiac axis stenosis diagnosed during pancreaticoduodenectomy.
HPB Surg 1998;10:371–3.
10 Manabe T, Baba N, Setoyama H, et al. Venous bypass grafting for celiac occlusion
in radical pancreaticoduodenectomy. Pancreas 1991;6:368–71.
11 Okamoto H, Suminaga Y, Toyama N, et al. Autogenous vein graft from iliac artery
to splenic artery for celiac occlusion in pancreaticoduodenectomy. J Hepatobiliary
Pancreat Surg 2003;10:109–12.
12 Vollmer CM Jr, Lewis RS, Hall BL, et al. Establishing a quantitative benchmark for
morbidity in pancreatoduodenectomy using ACS-NSQIP, the Accordion Severity
Grading System, and the Postoperative Morbidity Index. Ann Surg
2015;261:527–36.
13 Yekebas EF, Wolfram L, Cataldegirmen G, et al. Postpancreatectomy hemorrhage:
diagnosis and treatment: an analysis in 1669 consecutive pancreatic resections.
Ann Surg 2007;246:269–80.
14 Yi HT, Lee WL, Liu TJ, et al. Endovascular angioplasty of celiac axis obstruction prior
to pancreaticoduodenectomy in a patient with pancreatic neuroendocrine
carcinoma. Zhonghua Minguo Xin Zang Xue Hui Za Zhi 2014;30:165–8.
15 Hasegawa K, Sano K, Ishida T, et al. Hepato-pancreaticoduodenectomy with
preservation of the collateral arterial arcade in the head of the pancreas in a patient
with celiac axis stenosis. Hepatogastroenterology 2005;52:742–4.
16 Smith SL, Rae D, Sinclair M, et al. Does moderate celiac axis stenosis identiﬁed on
preoperative multidetector computed tomographic angiography predict an increased
risk of complications after pancreaticoduodenectomy for malignant pancreatic
tumors? Pancreas 2007;34:80–4.
17 Fortner JG, Watson RC. Median arcuate ligament obstruction of celiac axis and
pancreatic cancer. Ann Surg 1981;194:698–700.
18 Okamura K, Hayakawa H, Kusagawa M, et al. Treatment of pancreas head
carcinoma in a 91-yr-old man. Report of a case successfully treated with
pylorus-preserving pancreatoduodenectomy. Int J Pancreatol 1998;24:133–8.
19 Berney T, Pretre R, Chassot G, et al. The role of revascularization in celiac occlusion
and pancreatoduodenectomy. Am J Surg 1998;176:352–6.
20 Shima Y, Yagi T, Inagaki M, et al. Intraductal oncocytic papillary neoplasm of the
pancreas with celiac artery compression syndrome and a jejunal artery aneurysm:
report of a case. Surg Today 2005;35:86–90.
21 Nakano H, Yamamura T, Yamaguchi S, et al. Celiac axis occlusion of a patient
undergoing pancreaticoduodenectomy after distal gastrectomy.
Hepatogastroenterology 2007;54:595–8.
22 Berselli M, Sperti C, Ballotta E, et al. Pancreaticoduodenectomy with unusual artery
reconstruction in a patient with celiac axis occlusion: report of a case. Updates Surg
2010;62:117–20.
Copyright 2017 BMJ Publishing Group. All rights reserved. For permission to reuse any of this content visit
http://group.bmj.com/group/rights-licensing/permissions.
BMJ Case Report Fellows may re-use this article for personal use and teaching without any further permission.
Become a Fellow of BMJ Case Reports today and you can:
▸ Submit as many cases as you like
▸ Enjoy fast sympathetic peer review and rapid publication of accepted articles
▸ Access all the published articles
▸ Re-use any of the published material for personal use and teaching without further permission
For information on Institutional Fellowships contact consortiasales@bmjgroup.com
Visit casereports.bmj.com for more articles like this and to become a Fellow
Beane JD, Schwarz RE. BMJ Case Rep 2017. doi:10.1136/bcr-2016-217943 5
Reminder of important clinical lesson
